Despite two decades of intensive laboratory investigations, several aspects of contaminant removal from aqueous solutions by elemental iron materials (e.g., in Fe Altogether, the results disprove the popular assumption that mixing batch experiments is a tool to limit or eliminate diffusion as dominant transport process of contaminant to the Fe 0 surface.
Iron-based alloys (metallic iron, elemental iron or Fe 0 materials) have been used as an abiotic contaminant reducing reagent for organic and inorganic groundwater contaminants for over 15 years [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . In this context, Fe 0 materials are widely termed as zerovalent iron (ZVI) materials, contaminants have been denoted as reductates [14] , and the bare surface of Fe 0 as reductant. The reducing capacity of metallic iron is due to the low standard reduction potential of the redox couple Fe Since contaminant reduction by Fe 0 materials is believed to be surface-mediated, increasing the surface area of the iron, for instance by increasing the amount of Fe 0 or decreasing the particle size, is believed to increase the rate of the reductive decontamination at the surface of Fe 0 [15, 16] . Based on this seemingly logical premise mechanistic removal studies by Fe 0 materials have shown that the rate-determining step is electron transfer to the surfaceadsorbed molecule [1, 17] . There are several arguments against quantitative contaminant reduction at the Fe 0 surface; among others the following [18] :
(i) Huang et al. [19] observed a lag time of some few minutes at pH 4 before nitrate (NO . Clearly, the lag time can be seen as the time necessary for reactive species to be produced.
(ii) The aqueous corrosion science has unequivocally shown that at pH > 5 the iron surface is always covered by an oxide film. In this regard Holmes and Meadowcroft [20] described an interesting thumbnail sketch in which without the protective action of a fence (oxide-film) the rabbit (Fe 0 surface) is a defenceless prey for a rapacious dog (corroding environment). The presentation above shows clearly that, while "putting corrosion to use" [21] , an essential aspect of the iron corrosion was overseen. The main reason for this mistake is that, from the pioneer works on [1, 2, 17] , the reaction vessels have been mixed with the justifiable intention to limit diffusion as transport mechanism of contaminant to the Fe 0 surface. However, mixing inevitably increases iron corrosion and depending on the mixing type and the mixing intensity, mixing may avoid/delay the formation of oxide films and/or provoke their abrasion. Ethylenediaminetetraacetic acid (EDTA) is a chelating agent that has been used as extracting (dissolving) agent in environmental sciences for decades (ref. [22] and references therein).
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The capacity of EDTA to induce and promote the dissolution of iron oxides through surface complex formation that enhance the detachment of the surface metal is well known [23] [24] [25] .
The driving force for dissolution is the solubility of the oxide phase, which is enhanced by the formation of aqueous Fe   76   77   78   79   80   81   82   83   84   85   86   87   88   89   90   91   92   93   94   95   96   97   98   99   100   III EDTA complexes. Using this dissolution tool, the reactivity of Fe 0 materials can be characterized [21] .
In investigating the processes of contaminant removal in Fe 0 /H 2 O systems EDTA has been used by several researchers [26] [27] [28] [29] at concentrations varying from 0 to 100 mM. Thereby, the main goal was to prevent iron oxide precipitation and therefore, eliminate concurrent contaminant adsorption [27] or keep a clean iron surface for contaminant reduction [28] .
EDTA was reported to both clean and passivate Fe 0 materials [26] . The extend and the time scale of occurring of both processes is surely a function of the used EDTA concentration [30] .
In a recent study, Gyliene et al. [31] successfully tested Fe 0 as removing agent for aqueous EDTA.
In an effort to search for an effective, affordable, and environmentally acceptable method for chemical weapon destruction, the potential of the system "zerovalent iron, EDTA and air"
(ZEA system) was recently investigated [32] [33] [34] . This system generates HO° radicals (in situ)
for contaminant oxidation. The ZEA system has several advantages over other systems which have been investigated for the detoxification of organophosphorus compounds (e.g.
hydrolysis, palladium-based catalysis, chemical oxidation). Because the ZEA reaction uses inexpensive reagents and proceeds in aqueous solutions, at room temperature and under atmospheric pressure, it can be performed in any laboratory.
This study aims at investigating the short-term kinetics of iron dissolution in ZEA systems while characterizing the effects of shaking intensity on this process. Clearly, a well documented methodology is used to characterize Fe 0 reactivity as influenced by the shaking intensity. In this method dissolved oxygen is a reactant and not a disturbing factor. Furthermore since the investigations are limited to the initial phase of iron dissolution, the possibility that EDTA alters the corrosion process is not likely to be determinant.
Experimental Section

Materials
The used iron materials (material A and material B) were selected from 18 materials because of their different reactivity after the EDTA-test [21] . used in this study were of analytical grade and all solutions were prepared using Milli-Q purified water. At various time intervals, 0.100 to 1.000 mL (100 to 1000 μL) of the solution (not filtrated)
Iron dissolution experiment
were withdrawn from the Erlenmeyer flask with a precision pipette (micro-pipette from Brand ® ) and diluted with distilled water to 10 mL (test solution) in glass essay tubes with 20 mL graduated capacity (the resulted iron concentration was ≤ 10 mg/L). After each sampling, the equivalent amount of distilled water was added to the Erlenmeyer in order to maintain a constant volume.
Dissolution of iron and in situ generated iron corrosion products
To evidence the fact that shaking the reaction vessels yields increased corrosion products (e.g. was necessarily in excess with respect to the possible amount of corrosion products. It is expected that the amount of dissolved iron will be minimal in the non-pre-shaken system (reference, pre-shaken for 0 hour) and increased with increasing pre-shaking time. The mean values are presented together with the standard deviation (bares in the figure).
Analytical methods
Results and Discussion
Background
The present work characterises the effects of shaking speed on the rate of iron dissolution Fe dissolution in 2 mM EDTA is significantly increased by shaking the experimental vessels. The higher the shaking intensity, the higher the dissolution rate.
The Fe dissolution from material A (Fig. 1a ) may yield to Fe saturation at all tested shaking intensities (including 0 min -1 ).
Fe saturation for material B (Fig. 1b) The results from (Fig. 2) , b-values and τ EDTA linearly increased with the mixing speed. A sudden change was observed between 150 and 200 min -1 for both materials despite the huge reactivity difference (Fig. 2) . This materialindependent behaviour suggests a change in the hydrodynamic regime. In or less oxide-films are formed at high mixing rates [59] .
The results of this study suggest that, while investigating several aspects of contaminant removal by elemental iron, there will be a critical mixing speed (here 150 min -1 ) above which iron precipitation becomes so fast, that its rate becomes controlled by mixing [55, 60] . Under these conditions, segregating the reaction kinetics of the contaminant reductive removal process from the processes associated with Fe oxyhydroxides precipitation (adsorption, coprecipitation) is an impossible issue. Therefore, the argument of a reaction-limited domain at higher mixing rates [37, 39, 60, 61] It is interesting to notice that the observed effect of shaking speed on the Fe 0 reactivity is qualitatively the same as the often-enunciated effect of mixing intensity on reaction rate constant to demonstrate the possibility of mass transfer limitations for reactions with elemental metals in batch systems [39] . Thereafter, the overall rate of contaminant reduction 
Evidence of increased corrosion through shaking
The results above confirm the evidence that iron corrodes in water under stagnant and turbulent conditions. Figure 3 summarises the results of the evolution of dissolved iron in 0.115 M ascorbate as influenced by pre-shaking operations. It can be seen that the expected trend for the evolution of iron concentration was observed for all systems only for experimental durations > 12 hours. For t < 12 hours the kinetic of iron dissolution was not uniform. During this period, the evolution of iron concentration in systems IV and V was very comparable to that of the reference system, and systems II, III and VI exhibited lower iron dissolution kinetics. Figure 3a for instance shows the results for the reference system (system I) and the systems pre-shaken for 30 and 48 hours (systems V and VI). It can be seen that in the initial period of the experiment (t < 6 h), iron dissolution is minimal in system VI (48 h) and very similar in systems I (0 h) and V (30 h). This observation can be attributed to the differential dissolution behaviour of atmospheric corrosion products (system I) and in-situ generated corrosion products (systems V and VI) on the one side and the differential dissolution behaviour of in-situ generated corrosions products as function of time. The process of aqueous corrosion products generation is known to be complex. For the discussion in this section, it is sufficient to consider that in system V (30 h) a part of corrosion products has a dissolution rate comparable to that of atmospheric products, whereas in system V (48 hour) ripening and crystallisation processes may have stabilised some corrosion products, making them more resistant to ascorbate dissolution. Another important behavioural aspect of corrosion products is to limit the accessibility of the Fe and system V is a qualitative reflect of the amount of corrosion products generated during the pre-shaking period. The solubility of the available corrosion products has to be considered as well. This is the reason why more iron dissolved in system V (30 h) than in system VI (48 h). Figure 3b shows the results of iron dissolution for alls five systems in comparison to the reference system. The excess iron amount in μm Fe 3 O 4 in the individual systems is given as function of the elapsed time. As discussed above it can be seen that in the initial phase of the dissolution experiment a more or less deficit exists (negative value of ΔFe) in all systems, which is primarily attributed to the effects of corrosion products on the availability of Fe 0 for dissolved O 2 . For longer experimental durations, an increased corrosion products generation is observed in all systems. The lack of monotone trend in this increase is attributed to the complex processes accompanying the process of iron corrosion as discussed above. (Fig. 2) .
Concluding remarks
Establishing a small τ EDTA database for the most currently used Fe 0 materials (Fluka filings, Baker chips, Fisher filings, G. Maier GmbH, ISPAT GmbH, Connelly-GPM) can be regarded as an important step toward a broad-based understanding of iron reactive wall technology.
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